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NANOSIZED SILVER OXIDE POWDER 



BACKGROUND OF THE INVENTION 
[0001] 1. Field of Invention 

[0002] The present invention relates to nanosized silver oxide powder and a method 

of making the same. 

[0003] 2. Description of Related Art 

[0004] Powdered silver oxide (AgaO) is used in a variety of applications such as, for 
example, in the formulation of ink compositions for forming conductive films in electronic 
devices, as a reactant or catalyst in chemical reactions and in the formulation of 
antimicrobial compositions. In many applications, it is advantageous for the powdered 
silver oxide to have an extremely small particle size. Smaller particles have more 
surface area than larger particles per unit of mass, which means that smaller particles 
tend to exhibit enhanced reactivity as compared to larger particles. Moreover, under 
certain circumstances, silver oxide having an extremely small particle size can be 
reduced to silver metal at temperatures below 100X. which can be advantageous in 
particular applications such as in the formation of electrically conductive thin films. 
[0005] A common method of producing silver oxide powder is to react an aqueous 
silver nitrate solution with an aqueous sodium hydroxide solution to precipitate silver 
oxide according to the following reaction: 

2AgN03 + 2NaOH = AgaOi + 2NaN03 + H2O 

[0006] This reaction, when run at a 63.4% AgNOa (40.3% Ag by weight) 
concentration by weight in H2O and 50% NaOH concentration by weight in H2O at 
100X. is known to precipitate silver oxide particles that have an average diameter (also 
sometimes referred to as "particle size") of about 2 pm. Asada et al., U.S. Pat. No. 
4,080.210. disclose a method and apparatus for preparing silver oxide particles that 
utilizes the same chemical reaction, but at different reaction conditions, which produces 
silver oxide particles having an average particles size of about 0.3 to 0.6 \im. 
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[0007] By decreasing the concentration of the reactants to 5% and by running the 
chemical reaction at a temperature of about 22.5-0, applicants were able to precipitate 
silver oxide having an initial average particle size of about 150-200 nm, as detemnined 
via measurements made using a scanning electron micrograph (SEM). Unfortunately, 
the 150-200 nm precipitated silver oxide particles were unstable, meaning that the 
particle size was observed to increase over a relatively short period of time until the 
particles exhibited an average particle size of about 0.3 to about 1.8 pm, as detemnined 
by SEM measurement. 

[0008] The undesirable increase in particle size of conventional nanosized silver 
oxide powder is most likely attributable to Ostwald ripening, which states that in a 
system of pure crystals of various sizes under a mother liquor, smaller crystals will tend 
to dissolve and re-precipitate out on the surface of larger crystals thereby increasing the 
average crystal size of the product. Investigation of the growth of nanosized silver oxide 
particles suggests that the Ostwald ripening effect is most significant during the initial 
precipitation step prior to filtration and during water washing. 

BRIEF SUMMARY OF THE INVENTION 
[0009] The present invention provides silver oxide particles having an average 
diameter of less than or equal to 100 nm that are stable and can be transported in dry 
powder forni. At least a portion of the surface of the silver oxide particles is coated with 
an extremely thin layer of a surfactant such as fatty acid. 
[001 0] Nanosized silver oxide particles according to the invention are preferably 
formed via the addition of a strong base to a mixture Including an aqueous silver salt 
solution and a surfactant dissolved in an organic solvent that is preferably at least 
partially water miscible. The strong base causes silver oxide to precipitate from the 
mixture as nanosized particles, which are immediately at least partially coated by the 
surfactant and thus protected from further crystal growth and Ostwald ripening. The 
nanosized surfactant coated particles of silver oxide can be washed and dried and then 
transported in dry form. 

[001 1] The foregoing and other features of the invention are hereinafter more fully 
described and particularly pointed out in the claims, the following description setting 
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forth in detail certain illustrative embodiments of the invention, these being indicative, 
however, of but a few of the various ways in which the principles of the present 
invention may be employed. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0012] Fig. 1 is a process flow diagram for the production of nanosized silver oxide 
powder in accordance with a preferred embodiment of the invention. 
[001 31 Fig. 2 is an SEM of nanosized silver oxide particles fomied according to the 
invention. 

[0014] Fig. 3 is a TGA plot for nanosized silver oxide particles fomied according to 
the invention. 

[0015] Fig. 4 is a DTA plot for nanosized silver oxide particles fomied according to 
the invention. 

DETAILED DESCRIPTION OF THE INVENTION 
[0016] The present invention provides a method for making stable nanosized silver 
oxide particles. Throughout the instant specification and in the appended claim^ the 
term "nanosized" means particles having a diameter of 100 nm or less. The te.... 
"stable" means that the average particle size (i.e.. average diameter of the particles) 
does not substantially increase during the 180 days immediately following the date 
when the silver oxide powder was formed, and thus the average particle size of the 
silver oxide powder remains less than about 100 nm over such time period. 
[0017] The method of the invention can best be described with reference to Fig. 1 , 
which is a process flow diagram showing the steps employed to produce nanosized 
silver oxide powder according to a preferred embodiment of the present invention. First, 
a solution comprising a silver salt dissolved in deionized water is contacted with an 
organic solvent and a surfactant in a reaction vessel 10. The contents of the reaction 
vessel are subjected to mixing 20 at ambient temperature, typically from about 20-25X. 
until a homogeneous solution is obtained. Throughout the instant specification and in 
the appended claims, the term "mixture" is used to describe the homogenous 
combination of the silver salt, deionized water, organic solvent and surfactant. It will be 
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appreciated that in most instances this homogenous mixture will be in the fomi of a 
milky appearing emulsion, and not a clear solution. Thus, the temi "mixture" is broadly 
intended to encompass both emulsions and clear solutions. 

[0018] Virtually any water-soluble or partially water-soluble silver salt can be used in 
the present invention. However, when a partially water-soluble silver salt is used, the 
concentration of the silver salt in water must be low (i.e.. an extremely dilute system). 
Examples of water-soluble silver salts for use in the invention include silver nitrate, 
silver fluoride, silver chlorate and silver perchlorate. Examples of partially water-soluble 
silver salts for use in the invention include silver acetate and silver sulfate. The silver 
salts identified herein are not intended to be an exhaustive list of suitable silver salts, 
but only exemplary of the types of silver salts that can be used in the invention. In view 
of factors such as solubility in water, cost, commercial availability, safety and waste 
handling and treatment, silver nitrate is presently the most preferred silver salt for use in 
the invention. The silver salt solution should be somewhat dilute. A concentration of 
from about 2% to about 5% by weight of dissolved silver metal from silver nitrate in 
deionized water is presently considered to be optimal. 
[0019] The organic solvent used in the invention is preferably at least partially 
miscible with water, which aids in the fomiation of a homogenous solution. More 
preferably, the organic solvent is completely miscible with water. The most preferred 
organic solvent for use in the invention is acetone, which is completely miscible with 
water. In addition to being miscible with water, acetone has a low boiling point of 56X 
and is inert. It can easily be removed from AgzO powder by evaporation under mild 
heating conditions. Since Ag20 is a strong oxidizer, it has the potential to catalytically 
decompose some higher boiling organic solvents during the removal process, while 
reducing itself to pure silver metal. 

[00201 If use of an organic solvent other than acetone is desired, it is preferable that 
the organic solvent exhibits a polarity that is similar to. but not significantly higher than, 
acetone. Solvents having a higher polarity than acetone such as methanol and ethanol. 
for example, failed to produce stable nanosized AgaO particles when such solvents 
were substituted for acetone under the same reaction conditions. Applicants 
hypothesize that organic solvents that are significantly higher in polarity than acetone 
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produce the same -eacUon conditions as a conventionai water-only systems praduce, 
which is undesirable. The voiume ratio of siK<er salt solution to organic solvent ,s 
preferably within the range of from about 2:1 to about 10:1,withabout5:1 presently 

being considered optimal. 

IP0211 The surfactant used in the method of the invention is preferably soluble ,n the 
organic solvent but substantially insoluble in water. Surfactants possessing these 
attributes facilitate the fomration of a homogeneous mixture (emulsion). Most 
importantly, thesurfactantmusthaveanafflnityforsilveroxide. In view of these 
factors, the preferred surfactants for use in the invention are fatty adds such as oleic 
acid and derivatives of fatty acids. 

[00221 It is essential that a surfactant is present in the reaction, but only a small 
amount need be present. When no surfactant is p-esent in the reaction, the part^le 
size of the silver oxide powder will be larger than 1 00 nm upon fomiation, and will 
disadvantageouslyincreaseovertime. At veiy low surfactant concentrations (eg 
0 01 % wt by weight of the dissolved silver metal in the silver salt solution), the particle 
size of the silver oxide powder will also tend to be greater than 100 nm. At 0.1% by 
weight of surfactant, the particle size of the silver oxide particle will be about 100 nm 
but some particle size increase may occur over fnT«. Once the surfactant concenoauon 
meets a threshold value, which approaches about 1 .0% by weight, the silver oxide 
particle size will remain below 100 nm, and the powder will remain stable. At higher 
concentrations of surfactant, nanos^ed particles a« fonned, but the powder becomes 
•soft" meaning that it contains or supports larger percentages of organic matenal. 
Accordingly, the amount of surfactant present in the leaction will pieferably be less than 
2% by weight of the dissolved silver metal in the silver salt solution used in the reaction. 
About 1 .0% by weight oleic acid by weight of dissolved silver metal in the silver nitrate 
solution is presently considered to be optimal. 

[00231 The fom,ation of a homogeneous mixture is essential to successfully canying 
out the reaction. Thus, use of at least partially water-miscible organic solvents is 
preferred because in combination with a substantially water insoluble surfactant, a 
stable emulsion can be fomied. An emulsion advantageously puts all of the reactants in 
close proximity to each other, which allows for rapid pn>tection of the silver oxide 
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particles. Use of water immiscible organic solvents such as mineral oil make operation 
of the reaction difficult. 

[0024] Once the aqueous silver salt solution and organic solvent/surfactant mixture 
have been well mixed to fomi a homogeneous mixture, a strong base Is added to the 
reaction vessel under continued mixing 30. The preferred strong bases for use in the 
reaction are sodium hydroxide and potassium hydroxide, with sodium hydroxide bemg 
presently most preferred. However, virtually any base of an element from Groups lA 
and IIA of the Periodic Table of Elements can also be used. The amount of base used 
is preferably unimolar with the amount of silver salt present in the reaction vessel, which 
minimizes the potential for impurities in the precipitated powder. 
[0025] The strong base causes solid particles of silver oxide to nucleate and 
precipitate from the solution. The solid particles of silver oxide appear as a dark 
brownish-black precipitate. Applicants believe that the surfactant molecules present in 
the reaction vessel coat the surface of the solid silver oxide particles immediately as 
they form, which retards continued crystal growth and reduces the likelihood of surface- 
to-surface particle contact. The surfactant molecules orient on the surface of the solid 
silver oxide particles with their polar head adjacent to the silver oxide particles and their 
non-polar tail extending away from the surface of the particles. The dia.. .eter of the 
solid particles precipitated from solution is typically less than about 100 nm. The ionic 
strength of the solution is too strong to keep the particles suspended in a colloidal state, 
so the particles tend to settle to the bottom as soon as stirring is discontinued. 
[0026] The amount of surfactant present in the reaction mixture detemriines. to some 
extent, the degree to which the silver oxide particles become coated or encapsulated 
thereby. Applicant believes that when the amount of surfactant used in the reaction 
mixture is optimized, a mono-molecular layer or film of surfactant can be fom^ed on the 
surface of the silver oxide particles, forming an encapsulating closed shell. However, it 
may be the case that only a portion or a part of the silver oxide particles become coated 
with surfactant. Thus, throughout the instant specification and in the appended claims, 
the temis "encapsulated" and "coated" should be understood to mean that at least a 
portion of the surface of the particle has a surfactant molecule ionicallly bonded thereto. 
But the terms should not be interpreted as meaning that the entire surface of the silver 
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oxide particle is covered by surfactant or that the particle is completely encapsulated by 

surfactant. 

[0027] The solid particles of surfactant-coated silver oxide can be separated from the 
liquid phase by filtration 40. Depending upon the size of the particles, various 
conventional filtration methods can be employed. In the laboratory, nanosized solid 
particles of silver oxide are most conveniently separated from the liquid phase by 
passing the contents of the reaction vessel through a Whatman #52 filter using a 
conventional BQchner filtering set up. 

[0028] The wet precipitate should be washed 50 with deionized water. Preferably, 
the wet precipitate is washed with deionized water until the wash water exhibits a 
desired conductivity and pH. The water-washed precipitate should then be treated with 
acetone, which removes excess water and excess (free) fatty acid from the particles. 
The removal of excess water has been detemiined to be essential in order to prevent 
crystal grown. Not all of the fatty acid molecules ionically bonded to the surface of silver 
oxide particles is removed during the acetone wash. Many fatty acid molecules remain 
ionically bonded to the surface of the silver oxide particles. The post-wash acetone can 
be collected as a waste stream 60 and recycled for additional use. 
[0029] Washing the AgzO particles with water reduces the sodium content of the 
powder but it also reduces product yield because AgaO is slightly soluble in water. The 
non-washed precipitated Ag^O powder has a high yield of greater than 99.0%. but such 
powder also exhibits relatively high sodium content for use in electronic applications (- 
114 ppm). When the AgaO particles are washed with water until the conductivity of the 
effluent Is less than or equal to 30ms and the pH is less than or equal to 7. the final 
AgaO powder exhibits a sodium content of less than 1 ppm. but the yield is reduced to 
only about 93-94%. To achieve a good balance between the competing forces of high 
product yield and low sodium content, washing is preferably continued only until the 
effluent is reduced to lOO^is. which reduces the sodium content to less than about 20 
ppm and improves product yield to commercially acceptable levels. Typically, the 
conductivity of the wash water effluent will measure about SOjis. 
[0030] The de-watered silver oxide precipitate may then be dried 70. In some 
applications, however, drying is not necessary. Drying is preferably accomplished as a 
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two-stage process: (1) air-drying followed by (2) drying in a vacuum oven under N2 at 
45X The powder recovered after drying will consist of substantially discrete nanosized 
silver oxide particles that are coated with a very thin layer of surfactant. The nanosized 
silver oxide powder may also contain a small amount of AgOH (typically within the 
range of from about 1% to 2% by weight, or less), which is a by-product of the reaction. 
[0031] After drying, the powder is preferably subjected to classification 80. which .s 
typically accomplished by screening the powder through a 100-mesh sieve to remove 
any aggregates that may have been created during precipitation and drying. After 
classification, the end product 90 will comprise nanosized silver oxide particles that 
have very thin coating of the surfactant. 

[00321 It is known that the reaction between sodium hydroxide and silver nitrate in 
water to produce silver oxide is influenced by the temperature and concentration of the 
reactants. At higher concentrations (e.g.. 40o/o or higher by weight of both reactants .n 
water) at a temperature of 100X. the particle size of the silver oxide formed is about 2.0 
Mm. By diluting the concentration of the reactants to about 5% and lowering the 
temperature of the reaction to room temperature, it is possible to fomi silver oxide 
particles having an initial particle size of less than about 100 nm. But such particles are 
not stable and grow in size upon standing. The present invention modifies the reaction 
process and in so doing coats the surface of the silver oxide particles fomied with a thm 
layer of a surfactant, which inhibits particle contact and growth. 
[0033] As noted above, it has not been possible to generate stable silver oxide 
particles having a diameter of less than or equal to 100 nm in purely aqueous systems. 
Although it is possible to fomi silver oxide particles of that size in a purely aqueous 
system, the particles tend to increase in size in a relatively short period of time due to 
Ostwald ripening. In the present invention, however, the surfactant present on the 
surface of the particle acts as a crystal growth inhibitor. As the silver oxide particles 
precipitate from the solution, they are believed to be at least partially encapsulated 
within closed shells defined by the surfactant and thus are protected from further crystal 
growth. The presence of the small amount of surfactant on the surface of the particle is 
sufficient to prevent Ostwald ripening. Furthemiore. the small amount of surfactant 
residue remaining on the particles has no effect on end use of the particles, and in 
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some instances allow for use of the powder in applications where silver oxide could not 
previously be used. 

10034} Unlike wholly aqueous processes known in the prior art. the proc ss of 
forming silver oxide according to the present invention does not appear to be influenced 
significantly by changes in temperature, mixing conditions and addition time. For 
example, varying the %Ag concentration in the AgNOa solution from 5% by weight to 
10% by weight did not produce a change in particle size. Similarly, no change was 
observed in the size of the resulting particles whether the reaction was operated at 1 5X 
or at 25°C or at SOX (testing was not conducted above SOX because acetone boils at 
56X). Varying the mixing speed from 600 rpm to 1000 rpm did not produce a change 
in particle size. And. the speed at which the strong base was added to the reaction also 
had no effect on the size of the resulting silver oxide particles. 
[0035] It may be possible to practice the process according to the invention as a 
continuous process rather than a batch process. In a continuous process, the reactants 
would be "jet-mixed" in a moving stream, with the resulting silver oxide product 
recovered after sufficient mixing. 

[0036] Nanosized silver oxide powder according to the present invention has 
enhanced reactivity as compared to larger particles due to its higher surface area per 
unit weight. In certain applications, the nanosized silver oxide powder can be reduced 
to silver metal at extremely low temperatures (e.g., under 100°C in some instances). 
The smaller particle size also has an advantage in antimicrobial applications, where a 
smaller effective amount of the compound may be required for the same efficacy. 
[0037] The powder can be used in any application where conventional silver oxide 
powder has been used. The material is particularly suitable for use in the fomiulation of 
electronic inks for conductive films. The material may also find use as a potential 
antimicrobial material due to the bound nature of the silver ion. The material can be 
absorbed into or onto a substrate for use in antimicrobial applications. As a biocide. it 
can be used in water purification. The material can also be used as catalyst in chemical 
reactions and in the production of batteries. 

[0038] The following example is intended only to illustrate the invention and should 
not be constmed as imposing limitations upon the claims. 
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EXAMPLE 1 

[0039] 25 liters of deionized water were charged to a 25-gallon reaction vessel 
equipped with a 5" 3-blade overhead stirrer. The stirrer was adjusted to 850 rpm. 
1574.1 grams of silver nitrate crystals were then charged to the reaction vessel under 
stirring until completely dissolved. Thus, the concentration of AgNOa in the solution was 
6.30% by weight, and the concentration of Ag in the solution was 4.0% by weight. No 
effort was made to control the temperature of the reactor contents, which were 
detemiined to be about 22.5X. 

[0040] 1 1 grams of oleic acid were added to and intimately mixed with 5000 cc of 
acetone. The oleic acid/acetone mixture was then added to the reaction vessel 
containing the aqueous silver nitrate solution and mixed at 850 rpm until the contents of 
the reaction vessel were homogeneous. No effort was made to control the temperature 
of the reactor contents, which were detennined to be about 22.5X. 
[0041] 370.4 grams of sodium hydroxide pellets were dissolved in 7040 grams of 
deionized water in a 10-liter stainless vessel. Thus the concentration of NaOH in the 
solution was 5.3% by weight. The aqueous sodium hydroxide solution was then 
pumped into the reaction vessel at a steady rate using a Masterflex pump. The sodium 
hydroxide feed took about 70 minutes to complete, iviixing at 850 rpm continued 
throughout the feed. No effort was made to control the temperature of the reactor 
contents. Addition of the sodium hydroxide created a small, but noticeable, exotherm. 
[0042] Upon the addition of the sodium hydroxide, dark brownish-black silver oxide 
particles began to form in the reaction vessel. Upon completion of the sodium 
hydroxide solution addition, the overhead stin-er was turned off and the silver oxide 
particles were allowed to settle. 

[0043] An 8-inch diameter Buchner funnel lined with Whatman #52 filter paper was 
set up. The wet powder from the reaction vessel was transferred to the BUchner 
filtering set up using a vacuum bottle and filtered. The powder collected on the surface 
of the filter paper was thoroughly washed with deionized water. Care was taken to 
ensure that the powder bed did not dry or crack during washing. Washing was 
continued until the pH of the wash water effluent was detennined to be less than or 
equal to 7 (the pH of the deionized water used for washing was slightly lower due to 
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traces of hydrogen ion in the water). Once the pH of the wash water effluent was 
detemiined to be less than or equal to 7. the conductivity of the wash water effluent was 
tested to confimi that it was less than lOO^is (it was 80^s). 
[0044] After the powder was thoroughly washed with deionized water, the powder 
was thoroughly washed with acetone. Acetone removed residual water from the 
powder and also removes excess oleic acid from the surface of the silver oxide 
particles. A total of about 10 liters of acetone was used to wash the solid particles. The 
acetone wash effluent was collected and recycled for future use. 
[0045] After the acetone washing was completed, the powder was air dried on the 
Buchner filter with vacuum for 24 hours. The air-dried powder was transferred into a 
porcelain dish then placed in a vacuum oven at 45X with a dry nitrogen atmosphere for 
24-36 hours. The resulting dry powder was screened through a 100 mesh screen to 
remove any aggregates, of which there were few. 

[0046] The screened nanosized silver oxide powder was subjected to analytical 
testing. The surface area of the powder was detemiined to be 8.77 m^/g. The average 
particle size of the silver oxide powder was detemiined to be 95 nm, according to the 
fomiula: d (diameter of the particle) = 6 / (specific surface area)(specific gravity). The 
average diameter of the particles was also confirmed by SEivi measurements (see Fig. 
2). The tap density of the particles was determined to be 1 .4 g/cc. 
[0047] The oxygen content of the powder was detemiined to be 3.65% by weight. 
The theoretical value is 6.9%. The oxygen content was measured using a LEGO RO- 
116 tester, which can accurately measure oxygen contents within the range of about 2% 
to 3% by weight, but is not believed to be accurate in measuring oxygen contents higher 
than higher 3%. Thus, the 3.65% by weight value reported for oxygen content is not 
believed to be particularly reliable. 

[0048] The moisture content of the powder was determined to be 2.69% by weight 
(loss at 1 10X). Ignition loss at 538°C was determined to be 5.43% by weight. Some of 
the moisture loss is likely attributable to oxygen loss, due to reduction of the silver oxide 
to pure silver. It should also be noted that because the nanosized Ag20 is very fine and 
therefore has a large surface area, testing moisture content at 1 10X and Ignition loss 
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at 538»C is difficult. When the powder is heated, the air trapped inside the powder 
expands and sometimes pushes the powder out of the dish. 
[0049] The carbon content of the powder was detennined to be 71 57 ppm (i.e. , 
0.7157%), which is attributable to the extremely thin layer of oleic acid residue on the 
surface of the particles. If one presumes that the actual oxygen content of the powder 
approaches theoretical, which is 6.9% by weight, then one can estimate that the actual 
moisture content of the powder is 0.5043% (loss at 538°C + loss at 1 1CC - %carbon - 
oxygen content = 5.43% + 2.69% - 0.7157% - 6.9% = 0.5043%). Again, due to the 
extremely small particle size of the powder, the reliability of such testing is questionable. 
[00501 The silver content of the powder was determined to be in the range of about 
91-92% by weight. This is slightly lower than the theoretical amount, which should be 
93.1%. The lower value could be due to a small presence of AgOH as a byproduct in 
the final Ag20. The AgaO purity of the powder is within the range of about 98-99% by 
weight, so any AgOH present as an impurity is only present in an about of about 1-2% 
by weight. 

[0051] The yield of the reaction was calculated to be 92.45%. The loss in yield was 
mechanical in nature, (i.e. due to loss during washing and filtering) and not chemical. 
The mother liquor, when tested, showed no presence of Ag. 
[0052] A heat stability test was conducted on the nanosized silver oxide powder to 
confirm that it would be safe to transport the material as a dry powder. The powder was 
heated at different temperatures for various periods of time and then measured to 
detennine whether the powder underwent any weight loss, color change or changes in 
powder morphology, as detemnined by examination of SEM's. The testing confimied 
that the silver oxide powder was safe to transport as a dry powder. The results of the 
heat stability testing are summarized in Table 1 below: 
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Table 1 



TemD rC) 


Soak Time (Min.) 


Observations 


50 


720 


No Change 


55 


120 


No Change 


60 


140 


No Change 


65 


220 


No Change 


70 


205 


No Change 


75 


300 


No Change 



[0053] Next, the nanosized silver oxide powder according to the invention was 
subjected to Differential Thermal Analysis (DTA). Fig. 3 shows a plot of temperature 
difference in X/mg versus temperature from about 25X to about lOOO'C. The 
exothennic reaction at 130X is most likely due to loss of moisture and oleic acid 
residue. The endothermic reaction at 960°C is most likely due to melting of pure silver. 
Since there is no activity at temperatures less than or equal to 100X. the powder is 
considered stable and can be transported as a dry powder. 
[0054] Finally, the nanosized silver oxide powder was subjected to Themial 
Gravimetric Analysis (TGA). Fig. 4 shows a plot of percent weight loss as a function of 
temperature from about 25X to about 800X. The results show losses at around 
1 14.35X and 142.53°C, which are most likely due to water and oleic acid. The loss 
observed at 342.1 rc is mostly due to the decomposition of silver oxide into silver 
metal. 

EXAMPLE 2 

[0055] Silver oxide particles were produced using the same equipment and reaction 
conditions as described in Example 1. except that the concentration of the AgNOa and 
NaOH solutions used in the reaction was varied, as shown in Table 2 below. 
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Table 2 



Sample No. 


%Ag in 
AgNOa Solution 


%AgN03 in 

AgNOs Solution 


%NaOH in 
NaOI-l Solution 


1 


5.00 


7 R7 
1 .01 


5.00 


2 


9.98 


15.72 


5.00 


3 


13.00 


20.47 


13.00 


4 


20.01 


31.48 


20.00 


5 


31.76 


50.00 


50.00 



[0056] The powders were collected, washed and dried as in Example 1 and then 
subjected to analytical testing. The results of the testing are shown in Table 3 below. 



Table 3 



Sample No. 


AgzO 
Particle Size 


%Agof AgaO 
from TGA 


%Agof AgzO 
Gravimetrically 


1 


^100 nm 


91.01 


91.11 


2 


£100 nm 


91.87 


92.10 


3 


<100 nm 


93.52 


93.25 


4 


« 100 nm 


93.12 


93.02 


5 


« 100 nm 


94.45 


9413 



[0057] Example 2 shows that as the concentration of the reactants increases, the 
AgzO powder produced in the water/acetone/oleic acid emulsion system becomes finer 
in size. Also, the %Ag in the AgaO powder increases. The theoretical value for %Ag in 
AgzO is 93.1%. The lower-than-theoretical values of %Ag is due to the presence of 
some AgOH, which occurs as a byproduct at lower reactant concentrations. XRD 
studies showed that the higher-than-theoretical values for %Ag (at higher reactant 
concentrations) was caused by the reduction of some of the AgzO into pure silver. 
[0058] Additional advantages and modifications will readily occur to those skilled in 
the art. Therefore, the invention in its broader aspects is not limited to the specific 
details and illustrative examples shown and described herein. Accordingly, various 
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modifications may be made without departing from tlie spirit or scope of the general 
inventive concept as defined by the appended claims and their equivalents. 
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